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This invention relates to new condensation 
polymers. More speci?cally it relates to new 
alpha-amino acid polymers. ‘ 

It has been reported by Woodward and 
Schramm, J. Am. Chem. Soc, 09, 1550 (1047) 
that a high molecular weight, ?lm-forming 
polymer can be prepared by the copolymerisation 
in equal amounts of the N-carboanhydrides of 
L-leucine and DL-phenylalanine. Further as 
pointed out in the copending application of Mac 
Donald, serial No. 718,458, ?led August 5. 1947, 
alpha-amino acid copolyamides of unique solubil 
ity properties can be prepared by copolymerizing 
the N-carboanhydrides of alpha-primary-amino 
carboxylic acids containing at least one hydrogen 
on the alpha-carbon. However, these alpha 
amino acid polyamides generally exhibit poor 
water sensitivity and are highly resistant to acid, 
direct. and vat dyes, and can be only moderately 
dyed by acetate dyes. This lack of water sensi 
tivity and receptivity for the commonly used. 
more desirable dyes detracts from the utility of 
these polyamides in the ?ber ?eld. 
Other alpha~amino acid polyamides of unique 

thermal stability which make them of interest 
in the preparation of films, ?bers and plastics are 
disclosed in the copending application of Bru 
baker and MacDonald, Serial No. 04,042, ?led 
December '7, 1948, now Patent Number 2,644,808. 
In the copolyamides of the Brubaker and Mac 
Donald application. all of the units whether pri 
mary or secondary amino acid units. carry two 
primary alkyl radicals on the alpha-carbon. i. e., 
are devoid of hydrogen on the carbon adjacent 
the carbonyl carbon. These polyamides although 
exhibiting somewhat improved dyeability in the 
selected instances wherein secondary-alpha 
amlno acid units are found in the polyamide 
chain. are formed with di?iculty. especially in the 
ultra-high molecular weights found to be neces 
sary for optimum ?lm and fiber performance. 

Finally, although alpha-amino acid polyamides 
in general which contain a large preponderance 
of secondary alpha-amino acid units are more 
readily dyed. it is likewise dl?icult to carry the 
polymerization to high molecular weight, tough 
.products and the products obtained are generally 
too water-sensitive for effective use in ?ber 
formation, being in some instances water soluble. 

This invention has as an object the preparation 
of dye receptive polyamides of enhanced water 
sensitivity and resiliency and good ?lm, and ?ber 
properties. Other objects will appear hereinafter. 
These objects are accomplished by the inven 

tion of copolyamides having, in the polymer 
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chain, only alpha hydrogen-bearing units and 
from 0.5 to 80.0 alpha~primary amino acid units 
for every alpha-secondary amino acid unit and 
having a major proportion of amino acid units 
wherein a branched chain alkyl substituent is 
attached to the peptide, 

linkage. of these copolyamides those containing 
from 0.75 to 15.0, and especially from 1.0 to 10.0 
alpha-primary amino acid units for every alpha 
secondary amino acid unit are preferred because 
of a better overall balance of ?ber and film prop 
erties. Further, the copolyamides of this inven 
tion possess a C:N atom ratio of from 4.0:1 to 
8.0:1 and contain in the polymer chain at least 
one alpha-amino acid unit containing attached 
to the polypeptide link, 

air-(:14: 0 
only monovalent organic radicals. preferably sole 
ly saturated hydrocarbon in nature, of up to six 
carbon atoms for every four. and preferably for 
each, alpha-amino acid units containing attached 
to the polypeptide link one to three monovalent, 
organic radicals. preferably solely saturated hy 
drocarbon in nature, of more than six carbons. 
By "saturated hydrocarbon" is meant hydro 
carbon free from non-aromatic unsaturation. 
Copolyamides containing in the polymer chain 

less than 0.75. and especially less than 0.5. alpha 
primary amino acid unit for every alpha-second 
ary amino acid unit are generally too weak and 
water sensitive to be of use in forming acceptable 
?lms and ?bers, being in some instances water 
soluble. Conversely. copolyamides containing 
more than 15, and especially more than 80, alpha 
primary amino acid units for every alpha-second 
ary amino acid unit are too unresponsive to 
aqueous processing treatments and of too low 
dye receptivity to be of outstanding utility in the 
formation of commercially important ?lms and 
?bers. Copolyamides containing from one to ten 
alpha-primary amino acid units for every alpha 
secondary amino acid unit are especially preferred 
since they possess the best overall balance of dye 
receptivity, water-sensitivity, and tenacity. Co 
polyamides having an overall C:N atom ratio 
less than 4.0:1, regardless of the ratio between 
the combined alpha-primary and alpha-second 
ary amino acid units. are likewise too water 
sensitive. Those having an overall C:N atom 
ratio greater than 8.0:1 do not exhibit good dye 
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receptivity and/or response to fabric ?nishing 
treatments, regardless of the ratio between the 
combined alpha-primary and alpha-secondary 
amino acid units. 

Copolyamides having in the polymer chain at 
least one amino acid unit devoid of monovalent 
radicals attached to the polypeptide link which 
contain more than six carbon atoms for every 
four, and preferably for each. amino acid units, 
containing attached to the polypeptide link from 
one to three monovalent radicals, preferably sole 
ly hydrocarbon in nature. of more than six car 
bons are preferred regardless of the CzN atom 
ratio since they exhibit better solvent resist 
ance, higher tenacities, readier response to 
aqueous processing treatments and a higher de 
gree of crystallinity-all properties much de 
sirable for outstanding ?ber performance. The 
copolyamides of this invention consisting solely 
of combined alpha-amino acid units all of which 
units are devoid of radicals containing more than 
all“: carbons are especially outstanding since these 
desirable properties are much more apparent. 
Among the known amide-forming derivatives 

of the alpha-amino acids which may be used in 
making the copolyamides of this invention are 
the esters, the carbon dioxide adducts of the 
acids, and the N-carboanhydrides. Of these, the 
N-carboanhydrides are preferred because they 
can be readily prepared in good yields from the 
amino acids or their salts, e. g., by the processes 
disclosed in the copending applications of 
MacDonald Serial No. 83,299, ?led March 24, 
1049, and Prichard Serial No. 52,971, ?led 0c 
tober 5, 1948 (now abandoned), and because they 
can be polymerized readily with evolution of car 
bon dioxide to the desired high molecular weight 
copolyamides. 
The following examples in which the parts 

given are by weight unless otherwise indicated 
are presented to further illustrate and not to 
limit this invention. The term “man.” as used 
in these examples refers to those results obtained 
with the copolyamides involved dissolved in m 
cresol at 25‘ C. and is de?ned by the following 
equation: 

wherein in is the natural, or Naplerlan logarithm, 

"ink: 

1| being viscosity. 

EXAMPLE I 

A mixture of 95 parts of the N-carboanhydride 
of DL-leucine, (CH.1)2CHCH2CH(NH2)COOH. 
and ilve parts of the N-carboanhydride of 
sarcosine dissolved in reagent grade benzene at 
3% solids concentration is polymerized by heat 
ing the solution at the re?ux for 13 days. At the 
end of this time the clear, viscous polymerization 
solution is poured out in a thin ?lm onto a glass 
plate and the benzene allowed to evaporate at 
room temperature. After removal from the cast 
ing surface, there is obtained a tough, strong ?lm 
of the copolyamide from a 95:5 by weight mix 
ture of the N-carboanhydrides of DL-leucine 
and sarcosine exhibiting an qmi.=0.19. This 
copolyamide has a C:N atom ratio of 5.78:1 and 
contains 13.9 combined DL-leucine units for 
every combined sarcosine unit. 

20 

25 

30 

35 

40 

45 

60 

55 

05 

70 

75 

4 
EXAMPLE 11 

The N-carboanhydride of N-isopropylglycine 
was prepared by the method of Leuchs. Ber. 39. 
857 (1906) utilizing carbobensyloxychloride 
(Org. Syn. 23, 13) on N-isopropylglycine which is 
prepared in good yields by the condensation of 
isopropyiamine with glycolonltrile (Org. Syn. 27, 
41) followed by subsequent hydrolysis of the re 
sulting nitrile. The intermediate N-carbo 
benzyloxy-N-isopropyiglycine is a colorless oil. 

Analysis 
Calculated for Common Neutral equivalent 

251; nitrogen, 5.58%. 
Found: N. E.. 260; nitrogen, 5.58%. 
The ?nal N-isopropylglycine N-carboanhydride 
is a colorless crystalline material melting at 80.0 
60.2" C. and readily puri?ed by sublimation at 80° 
C. under 1 mm. of mercury pressure. 

Analysis 
Calculated for CsHsNOs: C. 50.4%; H, 6.30; N. 

9.80%. 
Found C. 50.42%; H, 0.43%; N, 0.52%. 
A mixture of 75 parts of the N-carboanhydride 

of DL-leucine and‘25 parts of the N-carboanhy 
dride of N-isopropylslycine dissolved in reagent 
grade benzene at 7.0% solids concentration is 
polymerized by heating the solution in a reactor 
open to the atmosphere through a small capillary 
tube at 05° C. for 14 days. At the end of this 
time the polymerization solution is poured out 
inathin?lmonioaglassplateandthebenzene 
allowed to evaporate at room temperature. After 
removal from the casting surface, there is ob 
tained a clear. smooth, dye-receptive ?lm of the 
copolyamide from a 75:25 by weight mixture of 
the N-carboanhydrides of DL-leucine and N 
isopropylglycine exhibiting an qinn.=0.38. This 
copolyamide has a C:N atom ratio of 5.73:1 and 
contains 2.73 combined DL-leucine units per 
combined N-isopropylglycine unit. 
Film samples of the above copolyamide show 

a markedly increased receptivity for acid, acetate, 
direct. and vat dyes over those exhibited by amino 
acid polyamides containing only primary amino 
acid units. Speci?c examples of the dyes tested 
and the methods of dyeing used are given below 
wherein the dyeings are carried out for 60 min 
utes at the boil on like-sized strips of undrawn 
?lm (about 1-2 mils thick and freed from re 
sidual solvent by oven drying) in a dye bath 
containing approximately 35% dye and diluted 
to approximately 1,000zl, both ?gures based on 
the polymer. 
Inallinstancesinthedyeingprocedures de 

scribed below, after the dyeing period is complete 
the ?lms are removed from the dye baths and 
thoroughly rinsed in warm (60° C.) running 
water. If appreciable or signi?cant quantities 
of dye remain on the sample, it is then suspended 
in repeated changes of boiling water until no 
more color is leached into the water. The sam 
ples are then allowed to air dry. 
Dye A.—A blue acid dyestuf! powder of Colour 
Index Number (CIN) 1076 having approxi 
mately a 75% color content. 
The dye bath used contains one part of a solu 

tion prepared by diluting 5.96 parts of concen 
trated sulfuric acid with 1,000 parts of water and 
5 parts of a solution prepared by pasting 0.3 part 
of the dye in 5 parts of cold water, dissolving 
in250partsbollingwatsnadding3partsof 
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sodium suliate and diluting with 745 parts 01’ 
water. 

-Dye B.—A red acid dyestui! powder of cm 430 
having approximately an 80% color content. 

The dye bath used contains 1 part oi’ a solu 
tion prepared by diluting 3.0 parts oi’ glacial 
acetic acid with 1,000 parts of water and 5 parts 
of a solution prepared i'rcm 0.3 part of the dye, 
3 parts of sodium suliate and 1,000 parts of water 
in the manner described above for dye A. 

Due C‘.-The blue dyestuif obtainable according 
to the procedure of Example IX of U. 8. Patent 
2,050,704. 
The dye bath used contains 5 parts 01' a solu 

tion prepared by thoroughly pasting 0.3 part or 
the dye in 3 parts oi’ 10% olive oil soap solution. 
dispersing the paste in 30 parts of water at 70-75’ 
C. and diluting the resultant suspension with 
967 parts of warm water. The dispersion is well 
shaken Just prior to use. 

Dye D.—The red dyestuiI described in the sole 
example of Swiss Patent 149,405. 
The dye bath used is made up exactly as de 

scribed immediately above using 0.3 part of the 
dye instead of dye C. 

Dye lit-A yellow direct dyestuii powder 01 CIN 
365. 
The dye bath used contains one part 01' a solu 

tion prepared by dissolving 45 parts 01‘ sodium 
chloride and 3 parts of trisodium phosphate in 
1,000 parts or water and 5 parts of a solution 
prepared by pasting 0.3 part 01' the dye in 5 
parts of cold water, dissolving in 250 parts of 
boiling water and diluting with ‘745 parts of water. 

Dye F.—A red direct dyestu? powder 01 CIN 278 
having approximately 55% color content. 
The dye bath used contains one part of a solu 

tion prepared by dissolving 9 parts 01 sodium 
chloride in 1,000 parts of water and 5 parts of 
a solution prepared from 0.3 part of the dye and 
1,000 parts 01' water as described above for dye E. 

Dye G.--A green vat dyestuff paste 01 CIN 1101 
having approximately an 11% color content. 

The dye bath used contains ?ve parts 01' a 
solution prepared by pasting 0.3 part of the dye 
in ?ve parts of cold water, adding 0.37 part of 
sodium hydroxide, and diluting with 995 parts of 
water (this dispersion should be well shaken just 
prior to use) , and a small quantity (0.05 part) oi.’ 
sodium iormaldehydesulioxylate. The solution 
is then placed in a 100° C. bath, the film sample 
added and dyeing carried out for 20 minutes. 
One part 01 a solution prepared by dissolving 
9.35 parts 01 sodium sulfate in 1,000 parts of 
distilled water is then added and dyeing con 
tinued for one hour. The ?lm is then removed 
from the bath and allowed to air oxidize for 30 
minutes prior to rinsing. 

Dye H.—A blue vat dyestu?’ paste obtained ac 
cording to German Patent 331,203 when the 
chlorination is carried out until a chlorine 
content or about 5% is obtained. 

The dyeing procedure and dye bath used here 
are exactly as described immediately above sub 
stitutins 0.3 part of the dye for 0.3 part 01' dye G 
and 0.05 part of sodium hydrosul?te for the 0.05 
part of sodium i'ormaldehydesuiioxylate. 
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A mixture 01 three parts or the N-carbo 
anhydride 0! 2-amino-4.6,0-trimethylheptanoic 
acid (prepared as described in the copendingap 
plication of MacDonald, Serial No. 773,459. ?led 
October 7, 19-17), and one part of the N-carbo 
anhydride or sarcosine dissolved in reagent grade 
benzene at 3% solids concentration is polymer 
ized by heating the solution in a reactor open to 
the atmosphere through a small capillary tube 
at 65° C. for seven days. At the end of this time 
the polymerization solution is poured out in a 
thin film onto a glass plate and the benzene al 
lowed to evaporate at room temperature. Aiter 
removal from the casting surface, there is ob 
tained a tough, strong, dye-receptive ?lm, re 
sponsive to aqueous processing treatments. 01' 
the copolyamide from a 3:1 by weight mixture 
of the N-carboanhydrides of 2-amino-4,8,6-tri 
methylheptanoic acid and sarcosine exhibiting 
an nmn.=0.30. This copolyamide has a C:N atom 
ratio of 7.34:1 and contains 1.62 combined 2 
amino-4,6.6-trimethylheptanoic acid units per 
combined sarcosine unit. Film samples 01' this 
copolyamide exhibit marked receptivities i'or 
dyes A and B when dyed as described in Exam 
ple II for these dyes. 

mMIPLEIV 
A mixture of 30 parts of the N-carboanhydride 

of DL-leucine and 20 parts of the N-carboan 
hydride of sarcosine dissolved in reagent grade 
benzene at 3 % solids concentration is polymerized 
by heating the solution for 21 days at the re?ux 
during which time the polymer precipitates as a 
swollen gel. At the end of this time the polymer 
is dissolved in a 1/1 by volume mixture of chloro 
form/methanol, the solution poured out in a thin 
?lm onto a glass plate, and the solvent mix 
ture allowed to evaporate at room temperature. 
After removal from the casting surface, there is 
obtained a clear, smooth, dye-receptive ?lm. 
responsive to aqueous processing treatments, of 
the copolyamide from an 80:20 by weight mix 
ture of the N-carboanhydrides oi’ DL-leucine and 
sarcosine exhibiting an ?inh.=0.2'8. This copoly 
amide has a C:N atom ratio 01' 5.24:1 and con 
tains 2.33 combined DL-leucine units for every 
combined sarcosine unit. Film samples oi’ this 
copolyamide exhibit marked receptivities for dyes 
A and B when dyed as described in Example II 
for these dyes. 

EXAMPLE v 

A mixture oi’ 75 parts 01' the N-carboanhydride 
of DL-leucine and 25 parts of the N-carboanhy 
dride oi’ sarcosine is dissolved at a 7% solids con 
centration in benzene which has been freshly 
distilled from a previous solution polymerization 
of another alpha-amino acid N-carboanhydride. 
Solvent is then distilled out from the reactor. 
thus removing any residual water in the reac 
tion zone until the solids content is raised to 10%. 
The polymerization mixture is then re?uxed over 
an inirared heat lamp while bubbling puri?ed dry 
nitrogen through the solution. After re?uxing 
in this fashion ior four days, insoluble gel parti 
cles of polymer have appeared in the solution. 
‘The polymerization mixture is then dissolved in 
a 1:1 by volume mixture 01 chloroiorm and 
methanol and the resulting clear viscous solu 
tion poured in a thin ?lm onto a glass plate and 
the solvent mixture allowed to evaporate at room 
temperature. Upon removal from the casting 
surtace, there is obtained a clear, hard, sell-sup 
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aim. responsive to amieoiis 
of the eopolyamidc rrom 

mixture of the N-carboanhv 
drides o! DL-ieueine and sarcosinc. This copoly 
amide exhibits an inherent viscosity of 0.50, has 
a C18 atom ratio of 5.05:1, and contains 2.20 
combined DL-leucine units per combined sar 
cosine unit. Film samples of this copolyamide 
exhibit improved dye receptivities for dyes A. 
B. C. D. Ii. 1''. G. 
similar iashlon to 
ly irslirample II for these respective dyes. 
Other copolyamides oi.’ thhi invention exhibiting 

superior dyeabiiity and response to aqueous 
treatments while still maintaining 

good physical properties are listed in the follow 
ing table with pertinent data on their prepara 
tion and properties. "Oopolymer composition" 
as used therein refers to the ratios by weight in 
the order given of the corresponding N-carbo 
anhydrides. "Molar ratio” is the ratio of com 

processing 
a 3:1 by weight 

10 

20 

Prichard. Serial No. 02,071, ?led October 5. 1048, 
now abandoned. which involves reacting phos 
gene with an alpha-amino acid. or its alkali 
metal. alkaline earth metal, or hydrohalidc salt 
in the presence of an inert liquid ether-both 
methods requiring anhydrous conditions. 
The alpha-primary amino acids having hydro 

gen on the alpha carbon whose amide-forming 
derivatives can be used in preparing the copoly 
amides of this invention include aliphatic alpha 
primary amino acids of both straight and 
branched chain structures. cycloaliphatic-sub 
stituted-aiiphatic-aipha-primary amino acids, 
aromatic-substituted-aliphatic - alpha - primary 
amino acids or mixtures thereof. II'he alpha-sec 
ondary amino acids having hydrogen on the al 
pha carbon. 1. e., N-substituted alpha-amino 
acids, whose amide-forming ingredients are used 
in preparing the copolyamides of this invention 
include N-albl-substituted, N-aryl-substituted. 
N - aralkyisubstituted, aliphatic - alpha - amino 

bined primary amino acid units to combined sec- acids or mixtures thereof. The copolyamldeg of 
under! amino acid imita- this invention contain 8 mm- pmmom 1,, 

Polymerization Conditions 0:“ Molu 
P can‘ Tom Tum Copoiymer Composition mm Rm” 

9|’ 0. 5am" Solids "0'? (pm) ‘ 

____ __ a Re?ux 15 Dbleucinclsareosinmwi .--..-_.----.-......_- 0.2a 5.5m 

xylene? .... _- 2 120 .... -. 6 DlrleucinelN-methyl ine1(as_o[14_o)___ _______ __ 5.68.1 .... -- 9-3 ?6--_---- 26 DL-icucl?cIN-mpropyl-leucine'(iii.4/sa.e)______________ “5;; no 

D0 ----- -- 3 65 ----- -- 28 {3019mm 0' ---------------------- .. 0.x) 5_o5;1 2'” 
Xylene ..... ._ 1.3 12) .... .. 5 2-Amino-4,0,6-trimethyiheptanoic acid -meth- ______ __ Mum 0'61 

XiheptanoicacidIN-me y i 50/50). 
Do ..... _. 3 05 ..... -. l 2- ar‘rlili?rlgo-hiad-trilnethyiheptalioicsci saroosine 0.14 5.46:1 0.54 

Do ..... -. s 65 ..... .. 1 aiminoicssmmnhyihspmioic acld/sarcosine 0.10 1.1m 2.16 

ine'-..-- 2 so ..... .. s L- ucinii/N-pimn iglucineUs/mi) ____________________ __ MM “8 

“"50 ----- -' i an“ it than are new... ----------- -- 0-» as; 3;; 
X is _ . . _ . . . - - - - -- ' ................... .. : . 

y m .... .. 3 B5 ..... .. 7 irieucinelsaroosine (16/25) _____________________ __ “a Mum a.” 

‘+trsos amine initiator. i . -.| h th ethod oi Ian Bel‘. , 857 (i008) litili carbobenlylo chloride 0 . S . 2s 13 and mum . .. 3mm b m giadensstlonofmethyiaminean lscionitrile. MM“ gtcarl'iobgnsyl 
oxy-DL-Nqnethyialsnine is a light yellow liquid. Andy“. 

gsicu‘liatgzd ior CnHnmN: N. E. (neutral equivalent). 237.0. 
oun : . E.. . . The DL-N-methylalanine N-carboanhydride as plepueg'akloir'euirom Is a white, mm mm Mun‘ “ 75.7-7- Q 

gaicuiatéd ‘11:10 46.5%; H, 5.42%. 
i bys'ihs' ni disclosed in the oopen 

utilising anh diorane p and N-iso ropyl~ 
N-isopzgpéi- L-leucine N-c'arboaniiydride is aw?ite, crystal] 
at 18-1 . Analysis 
Calculated for cmnlmotz c, 00.3%; n, “4%; N, 1.03%. 
Found: C, 00.32%; H, 8.21%; N, 7.22%. 
Other methods known in the art can be used 

in preparing the N-carboanhydride used in mak 
ing the copolyamides of this invention. Thus, in 
addition to the methods oi’ Leuchs. MacDonald. 
and Prichard previously mentioned. the N-car 
boanhydrides can be prepared by the method dis 
closed in the copending application of Prichard, 
Serial No. 778.457, ?ied October '7, 1947, now 
Patent Number 2,516,145, which involves reacting 
an alpha-amino acid with carbon dioxide in the 
presence of an alkali metal alkoxide and subse 
quently reacting thionylchloride with the result 
ing dialkali metal salt of the N-carboxy-alpha 
aminocarboxyiic acid and ?nally isolating the 
desired N-carboanhydride. It is preferred to pre 
pare these N-carboanhydrides by the methods 
disclosed in the previously mentioned copending 
application of MacDonald, Serial No. 83.299, ?ied 
March 24, 1949. which involves reacting phos 
gene at temperatures from -’!0 to +100‘ C. with 
an alpha-amino acid or its alkali metal. alkaline 
earth metal, or hydrohalide salt. in the pres 
enceorabsenceoi'areactionmediumand 

apgiication of Prichsrd Ber. No. 02, 
L- ucine Del 1. Am. 
mm rislst 16° Qwhiehmeltswacleanooiorless qui 

65 

70 

75 

, iiied October 5, 1918, 
71, ms (June 104ml.“ Th3 bhem. Soc. 

weight. of units with a branch chain substituent 
on the polymer chain. 
The choice of constituents will depend on the 

properties desired in the end composition. For 
instance. to obtain high molecular weight co 
polyamides of outstanding strength and tough 
ness. it is preferred to use amidmforming deriva 
tives of alpha-primary- and alpha-secondary 
amino acids which are. except for the amino and 
carboxyl group, solely hydrocarbon in nature; 
e. g. alpha-aminoisocaproic acid. and especially 
the amide-forming derivatives of such alpha 
primary- and alpha-secondary-amino-hydrocar 
bon carboxylic acids which are optically active. 
i. e., resolved (L- or D-)amino acids. e. g.. L 
leucine and L-alanine. To improve the organic 
solubility of the copolyamides of this invention. 
which is desirable from the viewpoint of decreas 
ing the difficulty of handling the copolyamides 
prior to and in the process of forming ?lms and 
fibers, it is helpful to use increased proportions 
of the amide-forming ingredients of relatively 
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long-chain alpha-amino acids. e. g. ?-amino 
4,8.0-trimethylheptanoic acid. 
when it is to confer thermoplastic 

properties to the copolyamides oi’ this invention 
or to increase their stillness and hardness, it is 
desirable to increase the proportion oi’ aromatic 
substituents contained in either or both the 
alpha-primary and alpha-secondary amino acid . 
amide-forming ingredients used in preparing 
these copolyamides, e. g. the amideiorming de 
rivatives of phenylalanine and N-phenylglycine. 
To obtain the resilent copolyamides 01' this in 
vention, resilence being a property much sought 
for in ?ber and yarn applications, it is necessary 
that the alpha-primary and alpha-secondary 
amino acid amide-forming ingredients used in 
preparing these copolyamides contain a major 
proportion of branched chain ingredients, 1. e.. 
that the amino acid amide-forming ingredients 
or the primary and iii-substituted alpha-amino 
acids being used be those of alpha-amino acids 
wherein a branched chain alkyl substituent is at 
tachedtothe - 

linkage, e. g. leucine, N-isopropylleucine. 
It is thus possible by carefully controlling the 

basic carbon skeleton 'oi' the alpha-primary and 
alpha-secondary-amino acid amide-forming in 
gredients having hydrogen on alpha carbon used 
in preparing these copolyamides to produce an 
entire family of alpha-amino acid copolyamides 
varying in many properties and at the same time 
exhibiting improved resilience response to aque— 
ous processing treatments and dye receptivity. 
The possibility of making such a varied group of 
copolyamides possessing superior properties 
makes the copolyamides 01' this invention usable 
in a wide range oi ?lm. ?ber, paint. and plastic 
applications and makes this invention a consid 
erable contribution toward solving the din‘lcult 
problem of preparing synthetic materials that 
can ‘be made to exhibit a multiplicity of desir 
able properties. 
The copolymers of this invention. containing, 

as they do, different amino-acid units in alter 
nation, not necessarily regular, i. e., in irregular 
sequence. whereby the different kinds oi’ units 
separate and are separated by each other, are 
to be distinguished irom a graft copolymer con 
sisting of two or more polymeric parts of diiler 
ent compositions chemically united together. 
Bee Report on Nomenclature in the Field of 
Macromolecules. J. Polymer Sci.. vol. 8, No. 3, 
March 1953, pages 257-77 and particularly pages 
259.260. 
The foregoing detailed description has been 

given tor clearness of understanding only and 
no unnecessary limitations are to be understood 
therefrom. The invention is not limited to the 
exact details shown and described for obvious 
modi?cations will occur to those skilled in the 
art 
What is claimed is: 
i. A illm- and iiber-i'orming alpha-amino acid 

eopolyamide consisting essentially and in irregu 
lar sequence oi’ alpha-primary monoamino mono 
carboxylic acid units having hydrogen on alpha 

3 carbon and alpha-secondary monoamino mono 
earboxylic acid units having hydrogen on alpha 
carbon, having from 0.5 to 80.0 combined primary 
aminoacidunitspercombinedamino 
acid unit, having a maior proportion oi amino 
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acid units with a branched chain alkyl substitu 
ent on the peptide, 

vii-W 
linkage, having a ratio of from iour to eight car 
bons per nitrogen, and having at least one alpha 
amino acid unit containing, attached to the pep 
tide linkage, only monovalent organic radicals of 
up to six carbons for every four amino acid units 
containing, attached to the peptide linkage, a 
monovalent organic radical oi’ more than six 
carbons. 

2. A ?lm- and ?ber-forming alpha-amino acid 
copolyamide containing only carbon, hydrogen, 
carboxyl oxygen, and amido nitrogen and con 
sisting essentially and in irregular sequence or 
alpha-primary monoamino monocarboxylic acid 
units having hydrogen on alpha carbon and 
alpha-secondary monoamino monocarboxylic acid 
units having hydrogen on alpha carbon, having 
from 0.5 to 80.0 combined primary amino acid 
units per combined secondary amino acid unit, 
having a major proportion of amino acid units 
with a branched chain alkyl substituent on the 
peptide. 

41-42-00- 
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linkage, having a ratio of from four to eight 
carbons per nitrogen, and having at least one 
alpha-amino acid unit containing, attached to 
the peptide linkage, only monovalent saturated 
hydrocarbon radicals oi up to six carbons tor 
every four amino acid units containing, attached 
to the peptide linkage, a monovalent saturated 
hydrocarbon radical 0! more than six carbons. 

3. A copolyamlde according to claim 1 wherein 
there are from 0.75 to 15.0 alpha-primary amino 
acid units per alpha-secondary amino acid unit. 

4. A illm- and ?ber-forming alpha-amino acid 
copolyarnide containing only carbon, hydrogen, 
carboxyl oxygen, and amido nitrogen and con 
sisting essentially and in irregular sequence oi’ 
alpha-primary monoamino monocarboxylic acid 
units having hydrogen on alpha carbon, and 
alpha-secondary monoamino monocarboxylic acid 
units having hydrogen on alpha carbon, having 
from 1.0 to 10.0 primary amino acid units per 
secondary amino acid unit, having a major pro 
portion of amino acid units with a branched 
chain alkyl substituent on the peptide, 

linkage, having from four to eight carbons per 
nitrogen, having at least one alpha-amino acid 
unit containing, attached to the polypeptide link, 
only monovalent-organic radicals of not more 
than six carbons per alpha-amino acid unit con 
taining, attached to the polypeptide link, a mono 
valent organic radical of more than six carbons. 

5. A ?lm- and ?ber-forming alpha-amino acid 
polyamlde, insoluble in water and dilute acid, 
containing only saturated carbon, hydrogen, car 
boxyl oxygen and amido nitrogen, and consisting 
essentially and in irregular sequence of alpha 
primary monoamino monocarboxylic acid units 
having hydrogen on alpha carbon and alpha 
secondary monoamino monocarboxylic acid units 
having hydrogen on alpha carbon, having from 
1.0 to 10.0 primary amino acid units per second 
ary amino acid unit, having a maior proportion 
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o! amino acid units with a branched chain aikyl 
substituent on the peptide, 

aria-"" 
iinkale. having from tour to eight carbons per 
nitrogen, and having at least one alpha-amino 
acid unit containing, attached to the polypeptide 

link, only monovaient organic radicals of not 
more than six carbons per alpha-amino acid unit 
containing, attached to the nolyil?p?d? link. a 
monovalent organic radical oi more than six 
carbons. 

8. A illm- and ?ber-forming alpha-amino acid 
copolyamide consisting essentially and in irregu-v 
lar sequence of alpha-primary mcnoamino mono 
carbcxylic acid units having hydrogen on alpha 
carbon and alpha-secondary monoamino mono 
carboxylic acid units having hydrogen on alpha 
carbon, the acids of all said units having the one 
amino and one carbonyl group as their only re 
active groups, said copoiyamide having from 0.5 
tc80.8combinedprimaryaminoacidunitsper 
combined secondary amino acid unit, having a 
maior proportion oi’ amino acid units with a 
branched chain alkyl substituent on the peptide. 

linkage, having a ratio or from four to eight car 
bonspernitrogmandhaving atleastonealpha 
amino acid unit containing, attached to the pep 
tide linkage, only monovaient saturated hydro 
carbon radicals oi up to six carbons for every four 
amino acid units containing, attached to the 
peptide linkage, a monovalent saturated hydro 
carbon radical of more than six carbons. 
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‘I. A illm- and ?ber-forming alpha-amino acid 
copolyamide consisting essentially and in irregu 
lar sequence of alpha-primary monoamino mono 
carboxylic acid units having hydrogen on alpha 
carbon and alpha-secondary monoamino mono 
carboxylic acid units having hydrogen on alpha 
carbon, the acids of all said units having the one 
amino and one carbonyl group as their only re 
active grcupa. said copolyamide having irom 0.5 
to 80.0 combined primary amino acid units per 
combined secondary amino acid unit, having a 
major proportion at amino acid units with a 
branched chain alkyl substituent on the peptide, 

linkage, having a ratio 01 from four to eight car 
bons per nitrogen, and having the radicals at 
tached to the peptide linkage of not more than 
six carbons. 

ROBERT NEAL MscDONALD. 
RICHARD SEYFARTH SCHREiBER. 
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